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2 NACA RM No. SL8F14 

INTRODUCTION 

At the request of the Bureau of Aeronautics, Department of the 
Navy, tests have been performed in the Langley 20-foot free-spinning 
tunnel to determine the spin and recovery characteristics and the 
tumbling tendencies of a 0.057-stale model of the Chance.Vought XFP-1 
airplane. The results of the spin-recovery tests have been presented in 
reference 1, and the results of the tumble tests are presented herein. 
Tumbling is described as a continual rotation of an object about its 
lateral axis in a free fall while the lateral axis maintains a direction 
norm&l to the relative wind. Additional tests were made to determine 
the longitudinal trim characteristics over a large angle-ofrtttack range 
inasmuch as some airplanes of unconventional design have been known to 
trim above the stall, at an attitude where the pilot had no control. 

The airplane represented by the model is a single-lace fighter, 
powered by twin je,ts which sre housed in the fuselage. The airplane has 
no horizontal tail, but does have twin vertical tails with rudders for 
directional control. The longitudinal and lateralcontrols are combined 
into one pair of surfaces Imown a,8 ‘ailavatom .' The airplane is 
equipped with leadiwdge slats and speed brakes. 

The longitudinal trim characteristics of the model were determined 
with the model,mounted with freedom in pitch only. In these tests the 
effects of longitudinal shifts of the center-of--gravity location, 
extension of the slats, and opening of the speed brakes were determined. 
The tmble tests,,made with the model completely free, were conducted 
for the normal combat-fighter weight. The effects on tumbling of center- 
of-gravity movements, of opening speed brakes, and of extending slats 
were ascertained. The tests with freedom in pitch and the tumble tests 
were supplemented by six-component-force tests over an snglmf--attack 
range from O" to gO". Tests were also.performed to determine the 
parachute,requirements for recovery from a tumble and to determine if 
the pilot could escape from the tumbling airplane. From an analysis of 
the motion of the tumbling model; approximate calculatipns-were made of 
the accelerations that would be experienced at the pilot's he,ad during , 
a tumble. 

sYMBoIs 

b wing span, feet 

s  wing area, square feet . 

* C  wing chord at any station y  along the spsri 
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Z/E 

m 

Ix, Iy, Iz 

Ix - IY 
mb 2 

IY - Iz 

mb 2 

Iz - Ix 

mb 2 

P 

P 

a 

4f 

Cm 

mean aerodynamic chord, feet 

ratio of distance of center of gravity rearward of leading 
edge of mean aerodynamic chord to mean aerodynamic chord 

ratio of distance between center of gravity-and root chord 
line to mean aerodynamic chord (positive when center of 
gravity is below root chord line) 

mass of airplane; slugs 

moments of inertia about X-, Y-, 
slug-feet2 

snd Z-body axes, respectively, 

inertia yawing+noment parameter 

inertia rolling-moment parameter 

inertia p%,tching+noment parameter 

air density, slug per cubic foot 
* 

relative density parameter 
'( > g&Y 

full-scale value of tunnel airspeed, feet per second 

full-scale velocity of center of gravity along its 
trajectory, feet per second 

I. dynamic pressure, pounds per square foot 
( > 
+T2 v, 2 

-, ': 
:W+gle of attack, degrees 
.' I...' 
-;*e of yaw,' degrees (positive when nose of airplane is 

to right of flight- path) 

'angle between root chord line and a line through center of 
gravity and pilot's head (110 for this design) 

elevator deflection, degrees (positive when trailing edge * 
is deflected down) 

pitchinginament coefficient Pitching 
qs?? 
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CL 

CD 

lift coefficient Liai 
( > G 

drag coefficient F 
( > 

r distance from center 

t time, seconds (taken 
motion began) 

e angular displacement 
(8=0 when t= 

of 

to 

:; 

gravity to pilot's head, feet 

be zero the instant the record of 

airplane about its Y-axis, radians 

R an&.ilar velocity of pilot's head about Y-is, radians 
per second 

accel'eration due to gravity, 32.2 feet per second per second 

csntripetal acceleration at pilot's head due to angular 
velocity of airplane about its Y-axis, g units 

a, angular acceleration of airplane about Y-axis, radians 
per secomd per second 

aA tangential acceleration at pilot's head due to the 
angular acceleration of the airplane about its P-axis, 
g units 

a 

at 

resultant acceleration at pilot's head, g units 

component of acceleration directed through long axis 
(assumed perpendicular to root chord line) of the 
pilot:((positive when pilot is pushed down into seat), 
g units 

a" ..component of,acceleration directed normal to long axis 
(parallel to root chord line) of the pilot (positive 

.~ when pflot is pushed against back of seat, g units 

APPA$ATUS ANDMEXKODS 

Model 

The 0.057-stale model of the Chance Vought XF7TJ-l a$rplane used for 
the spin investigation (reference 1) was also used for the trim and tumble 
investigation. The model was furnished by the Bureau of Aeronautics, 

-’ 



NACA RM No. SL8F14 i 3 

Department of the Navy, and was checked for dimensional accuracy and 
prepared for investigation by the Langley Laboratory. Dimensional 
characteristics of the airplane represented by the model ere given in 
table I and a three-view drawing of the model as tested in the clean 
condition (landing gear, slats, and speed brakes retracted) is presented 
in figure 1. Figures 2, 3, and 4 are photographs of the model in the 
clean condition, with slats extended and with the speed brakes open, 
respect1vel-y. The model as received and tested had pertial-span slats 
although subsequent redesign incorporates approximately full-span slats 
on the airplane. For the tumble tests, the model was ballasted by means 
of lead weights to obtain dynamic similarity to the airplane at an 
altitude of 15,000 feet (p = 0.001496 slug per cu ft). A remote-control 
mechanism was installed in the model to release the tumble-recovery 
parachutes for the parachute tests and to release the pilot for the 
pilot-escape tests. The parachutes used ,were of the ,flat circular type, 
made of silk, and had a drag coefficient of approximately 0.7 based on 
the laid-out-flat-surface area. The pilot was ballasted to obtain 
dynamii= similarity to a 6-foot pilot weighing 200 pounds at en altitude 
of 15,000 feet. , 

For the longitudinal trim testa, small chordwise extensions were, 
attached to the wing tips to facilitate suspension of the model in the 
vertical air stream so that it would be free to pitch about the desired 
.oentercof-graVity position. (See fig. 5.) 

Wind, Tunnel and Testing Technique 

The longitudinal trim and tumble tests were performed in the 
Langley 20-foot free-spinning tunnel which is 3imilar to the 1Ffoot 
free-spinning tunnel described in reference 2. The data presented have 
been converted to corresponding full-scale values by methods also 
described in reference 2. The force tests were conducted on a six- 
component strain-gage balance mounted in the Langley 20-foot free- 
spinning tuyel as shownin figure 6. 

,', / 
a- For the investigation of' the longitudinal 

trim characterGL&tics, the model was mounted on a rig (fig. 5) at its 
center of gravity,in such a manner that the stability Y--axis-was the 
only axis of freedom (freedom in pitch). Provision was made for tests 
about two center--ofwavity locations. At the test airspeed the model 
was displaced from its normal trimmed position and moved through a 
range of w" angle of attack by means of strings attached to the nose 
and tail of the model. The,strings were attached in such a menner 
that when they were released their influence on the trim angle of 
attack was negligible. When the strings xere released, the model 
assumed its trim engle of attack which was photographed and also 
recorded by visual observation. 

< 
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TumbJe tests.- Several methods of launching the model were employed 

. in the tmble tests. To deteMnine if the model would start tumbling of 
. . . its own accord, the model was dropped without rotation into the vertically 
:: l . rising air stream with the nose pointing vertically upward (1800 a.,uae . . . . 

. . .: 
of attack) which simulated the attitude immediately before a whip stall 

. . . . (a stall from which the nose whips violently and suddenly downward). The . 0 model was also similarly dropped with the nose pointing horizontally 
(go0 angle of attack) which simulated partial recovery from a whip stall. 
To determine if the model would tumble as a result of an external pitching 
moment, the model was also launched into the tunnel with positive and 
negative initial pitching rotation. When the model tumbled, it usually 
made five or six com@ete rotations before striking the safety net on 
the opposite side of the tunnel from which&it was launched. For the 
parachute-recovery and pilot-escape tests, the parachutes were opened or 
the dump pilot was released, as the case may be, after two or three 
complete rotations of the tumble. The pilot-escape tests simulated 
conditions where the pilot had climbed to the top of the cockpit and was 
ready to jump free of the airplsne. Each test was photographed with a 
motion-picture camera in order that the behavior of the model could be 
studied more closely. 

. 
Method of Computation of Acceler%.tions 

Inasmuch as the head is the most vulnerable part of the body with 
regard to a:celeration.s, the accelerations at the pilot's head were 
computed.. The resultant acceleration of the pilot's head with respect 
to the earth is the vectorial sum of the tangential a% norm& acceler- 
ation along and normal to the trajectory of the center of gravity, 
respectively, plus the centripetal acceleration a a723 t0 -W 

velocity of the airplane about its center of grave y -e and the tangential 
acceleration aA due to angular acceleration a, of the airplane about 
its center of gravity. The path of motion of the model during a tumble 
was obtained with a stationary motion-picture camera. 

The model motion was transposed into corresponding full-scale motion 
ma pl0tted in figure 7. This path of motion was used. in calculating the 
centripetal acceleration ac ma tangential acceleration q by 
graphical differentiation of the displacement curves, by use of the 
formulas: 

SC% a,=-= ( 1 is *r 
Q ii 

aA = a0 
a*e =- 
at2 

r 
I3 

. - . . . _ . _ . _. 



I - 

. . . . . . 

..; 
0. . 

i . . 
l 

A;- 

? 
I. 
ip 

,) 

b 

[:. 

‘r 
; 

i‘ : 

I;, 

1,‘: 

b 
: 

!’ 

NACA RM No. SL8F14 7 

The slopes g and dt2 b were obtained from figure 8 and were arbitrarily 

taken at instances half-way between the recorded intervals of time. 

The normal acceleration of the center of gravity was neglected 
inasmuch as the curvature of the trajectory of the center of gravity was 
very small. The tangential acceleration of the center of gravity due to 
variation in velocity along its trajectory was determined by the method 
used to determine ac and aA. Because tangential acceleration was very 
small it was neglected. Further investigation to estimate the megnituae 
of the tangential acceleration of the center of gravity by analysis of the 
variation in drag along the trajectory further proved that the tangential 
acceleration was small (leas then 1 g). The approximate resultant 
coqonents of acceleration directed through and normel to the long axis 
of the pilot ere then, respectively: 

a’ = e sb E + aA co8 e 

a" = ac coa. e + aA Sin E 

and the resultant acceleration a is the vectorial sum of its components, 
a' and a". 

The &me results could be obtained more directly by determining the 
tangential and normal acceleration from the trajectory of the pilot's 
head. This method does not lend itself so readily, however, to the 
solution of accelerations for other points in the airplane as does the 
method presented. 

I"RECISION 

The trimand tumble results presented herein are believed to be the 
true values ,given by the model within the following limits: 

a, degrees ..................... i.. .... . a 
v, ,percent ........................... ...% 

The values of acceleration given hereti are believed to be the true 
values existing on the model within f20 percent. 

Little can be stated about the precision of the pilot-escape tests, 
except that if the dunnqy pilot is observed to clear 831 parts of the 
model by a large margin after being released, it is believed that the 
pilot of the corresponding airplane, after he has jumpea; will not be 
struck by any part of the airplane. 
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Because of the impracticability of ballasting the modei exactly 
because of inadvertent damage to the model during tests, the measured 

and 

weight and mass distribution of.the model varied from the true scaled- 
down values within the following limits: 

Weight, percent . . . . . . . . . . . . . . . . . . . . . . 0 to 2 high 
Center-of-gravity location, percent 'F . . . '. . . . . . . 6 to 1 rearward 

Moments of inertia: 

1x9 percent . . . . . . . . . . . . . . . . . . . . . . 
IY, 

0 to 4 high 

Izl 
percent . . . . . . . . .'. . . . . . . . . . . . . ;&w-to 7 high 
percent . . . . . . . . . .'a. . . . c + . . . . . . 2 low to 5 high 

The accuracy of measuring the weight and mass' distribution of the 
model are believed to be within the following limits: 

Weight, percent . . . . . . . . . . . . . . . . . . . . . . . . . . . kl 
Center-ofqavity location, percent E . . . . . . . . . . . . . . . . kl 
Moments of inertia, percent . . . . . . . . . . . . . . . . . . . . . f5 _'.,',,/ ,: 
Contrbl settings were made with an accuracy of Alo. 

TEST CONDITIONS 

The conditions tested in the investigation of the longitudinal 
trim and tmbling characteristics of the model are listed in table II. 
Full-scale values of mass parameters for the loadings tested on the model 
and for various loading conditions of the airplane are given in table III. 
For all the tests, the-landing gear was retracted and the cockpit closed. 

As previously stated, lateral and longitudinal controls are combined 
into one pair of surfaces known as ailavators. Longitudinal control is 
obtained by deflection of the ailavators together, end lateral control is 
obtained by differential- deflection of the ailavators. Hereinafter, 
ailavator deflections for longitudinal and lateral control will be 
referred to, for simplicity, 
respectively. 

as elevator and aileron deflections, 

up-, neutral-, 
For both the trti and tumble tests, in general, maximum 
and maximum dawn-elevator deflections were tested. The 

effects 'of lateral and directional controls were not determined for the 
trim and tumble tests because the model was-free to rotate only about 
the pitch axis during trim tests, and spin-tunnel experience has indicated 
that lateral and directional controls have very little effect on model 
tumbling tendencies. 

The normal maximum elevator deflections used in the tests were 30° 
up and 20' down. Lateral and directional controls were neutral for all 
tests. The speed brakes-were deflected 35O up and 35O down when open. 
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The coefficients of lift, drag, and pitching moment for the model 
for various center-of-gravity positions in the clean condition and also 
with the slats extendsa are presented in figures 9 to Il. The results 
of the longitudinal trim tests are presented in table IV. The results 
of the dynamic tumble tests ase shown in table V, and the results of 
tests to determine the parachute requirements for emergency use in 
terminating a -table are presented in table VI. Table VII shows the 
centripetal -end angular accelerations acting on the airplane end on 
the pilot at various angles of attack during a tumble of the XFi'U-1 air- 
plane. A comparison of the longitudinal stability characteristics of the 
0.057-stale model with those of larger models at higher Reynold's numbers 
ia shown on figures 12 and 13 for the clean condition and with slats 
extende-d, respectively. 

8'. 
.r.:-, _:I 

Interpretation of Table Results 

Comparison between model and airplane tumble results cannot be made 
as theye exist no full-scale.t~bling data. In applying the model results 
to the full-scale airplane, however, assuming no scale effect, the 
following interpretation has been placed on the results from the different 
methods of launching. 

/.. 
If the model trembles when launched either with or without initial 

pitching rotation, it is taken as an indication that the corresponding 
airplane could turmble, although the airplane probably would be more 
likely to tumble if the model starts tumbling when launched with no 
pitching rotation. If the rotation stops after being launched with 
initial pitching rotation, the results are interpreted to mean that the 
corresponding airplane will not start tumbling. 

Unpublished re&ilts.'indicate that the tumbling characteristics of a 
model ered@ectly affected by some function of the static longitudinal 
stability characteristics of the model. It is believed, therefore, that 
a comparison,of the general static longitudinal stability characteristics 
of-the 0.057*tale model with those of larger models at higher Reynold's 
numbers should give some indication of the scale effect existent in the 
tumble tests. Compsrison of the general slopes of the Cm against 
CL curves, for the clean condition, is given in figure 12 and shows 
agreement through a,large range of Reynold's number. It 'is believed, 
therefore, that the tumble results of the 0.057-stale model in the clean 
condition may be considered as directly applicable to the airplane. For 
the slat-extended configuration, an exact comparison:of static-etability 
characteristics is not poeeible. A comparison of Cm against CL is 
given; however, in figure 13 between a O.Wj'-scale model with !%-percent- 
semispen outboard slats extended and a 0.145-ecale model (see reference 3) 

: 
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with both 49.2~ercent-semispan outboard slats and the 2wercent-semispan 
inboerd slats extended (the slat configuration to be used on the. airplane). 
These curves show similar inflections but 'indicate that the general slope 
of the curve for the 0.057-seale model with alats extended is represent&- 
tive of the larger scale results at a center-of-avity position somewhat 
rearward of that of the 0.057-stale tests. It is believed, therefore, 
that the tumble results of the 0.057-stale model with slats extended may 
be considered applicable to the airplane for a somewhat more rearward 
center-of-gravity position, and therefore the model results may be 
considered as somewhat conservative. 

DISCUSSION 
Longitudinal Trim Characteristics 

The results of ,both.the static force tests (figs. 9 end 10) and the 
free-to-pitch longitudinal trim tests (table IV) show that the model did 
not trim at any unusual or uncontrolled angles of attack and that the 
elevators provided effective control over any trim attitude the model 
assumed. The results. indicate satisfactory longitudinal stability above 
the stall and even up to 90° angle of attack. In the longitudinal trim 
tests, the model oscillated (short-period oscillations) through a small 
range of angle of attack for both maximum up and down elevator deflections, 
but it is believed that these oscillations were a result of testing 
technique inasmuch as free-flight-tunnel tests (see reference 4) indicated 
no such oscillations. 

Tumble Characteristics 

%'he results of:::$he..tumble tests (table V) show that with the center 
of gravity in the no&allocation (16.7 percent F), the model could not be 
made to:turnble by any-z&hod of launching employed and would recover 
instantaneously when launched with,initial pitching rotation and dive 
with no o&illations in pitch. 
22.6 percent ‘e;r 

With a center-of-gravity location of 
the results indicated that the model would not tumble, but 

the time required for the forced pitching rotation to damp out was 
noticeably greater than for the orlginal condition. With a center-of- 
gravity location of 24,percent $ (the most rearward indicated as possible 
on the-airplane), the model still would not tumble when launched with 
initial pitching rotation but the time required for damping of the 
forced pitching rotation was further increased. Extending the slats 
when the center of gravity was at 22.6 percent Z had no effect; however, 
with a centemfsavity location of 24 percent E, extending the slate 
when the elevators were deflected fully up caused the model to tumble 
when launched with positive pitching rotation. Figure 14 ie a repro- 
duction of a motion+.cture record of this tumbling motion. When 
launched from a simulated whip stall or partial recovery from a whip 
stall with these same loadings and configurations, the model would not 
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tumble. This indicates that sane external force, such as a strong gust, 
would probably be required to stert the airplane tumbling. The longi- 
tuainal stability qharacteristics of the model in both the clean and 
slats-extended configurations with the center of gravity located at 
22.6 percent c end 24 percent 6 are presented in figure 11. Figure 11 
shows that for the condition of tumble (c.g. at 24 percent r, slats 
extended) a somewhat more unstable slope of the pitching-moment curve 
was obtained than for the condition of no tumble (c.g. at 22.6 percent Z, 
slats extended). Esther case with slats extended indicates less stable 
characteristics than those for the clean condition. As previously 
indicated, figure 12 shows that the longitudinal stability of the 
0.057-stale model with 5&percent-semispan outboard slats extended and 
with the center of gravity at 24 percent ?? is somewhat less then the 
stability of a O.l4>scale model of the same airplane with outboard and 
inboard slats, and it is therefore believed that the tumble results 
with.slats extended are somewhat conservative. The speed brekes had no 
effect on the tumble characteristics of the model.. The results indicate 
that should the airplane tumble for any of the conditions tested on the 
model, recovery ten be effected rapidly by immediate full reversal of.the 
elevators against the rotation. 

Tumble-Aecovery Parachute Tests 

For tests to determine the parachute requirements for emergency 
.use in terminating a tumble (table VI), wing-tip parachutes of 8.77 
and 4.24 feet .(full scale) in diameter were used in conjunction with 
towline lengths of 25 feet end 13.6 feet (full scale), respectively. 
The center of havity was located at 24 percent of the mean aerodynamic 
chord and the- slats were extended (the configuration for which the model 
would: tumble). Results indicated that the simultaneous opening of 
either the two small parachutes (4.24 feet in diameter) or the two large 
parachutes (8.77 feet in diameter) would terminate the tumble rapidly. 
The smaller size parachute did not effect recovery from the tumble so 

rapidly asdid the larger parachutes. When either the small or the large 
parachutes@e opened singly, the model would recover from the tumble 
but went into a motion which appeared to be start of a spin. 'The smell 
parachutes had'a tendency to collapse in the wing wake indicating that 

. thetowline length was shorter than desirable. As indicated in 
reference 5, towlinea should be of sufficient length to assure efficient 
operation of the parachutes but not so.long as to become fouled with 
parts of the airplane. Spin-tunnel experience has indicated that for 
tumble recovery, parachutes should be attached at the wing tip to 
avoid tangling of the towline about the wing and, further, that the 
parachute be attached as far rearward on the tip as possible to obtain 
themaximummomsntarm. It is further indicated that positive ejection 
of the parachutes should be used, and it is felt that the parachutes 
should be opened when the airplane is approaching a nose-down diving 
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attitude such th+at the parachutes will be washed rearward and thereby 
further reduce the possibility of the towlines becoming entangled with 
the wing. The parachutes should be released as soon as the tumbling 
motion has ceased. 

Acceleration in a Tumble 
3 
b 

i. 
An analysis of the motion of the XE'F-1 model during a tumble 

. . . 
i: 

indicated that %he acceleration varied in magnitude and direction during 
the course of one revolution of a tumble which is due primarily to the 

b change in rate of rotation of the airplane about its center of gravity. 
The result3 of this analysis (table VII) indicate that the most critical 
value of the component of acceleration directed along the long axis of 
the pilot at 1 may be of the order of -3~ and the component normal to the 
long axis of the pilot a" will always tend to force the pilot forward 

;, in the cockpit and may be as high as 14g. However; the effect3 of 
.' \ i gravity (1 43) must be added to these results in order to obtain the true 

acceleration to which the pilot will react physiologically. Inspection 
." of figure 6 and table VII indicate3 that the position of the pi1o.t when 
.' these values of at and a" occurred was such that the effect of gravity 

will increase a* to -kg and a' to 15g. The centripetal acceleration 
due to rotation about the center of gravity constitutes the larger 
portion of the total resultant acceleration and is due primarily to the 
great distance at which the pilot is located from the center of gravity. 
Little is known about rapid repetition of exposure to short-period. 
accelerations, but reference 6 indicates that a continued negative 
acceleration of 3g may cause symptoms of concussion of the brain and 
that negative acceleration3 of 5g may result in massive cerebral 
hemmorhage and possibly death. Reference 6 further indicated that 
continued accelerations normal to the long axis of the pilot ere not . 
well tolerated above 12g. Thus it appears that the acceleration3 in a 
tumble may be dangerous to the pilot and, therefore, action should be 
taken to terminate the tumble immediately upon its inception. 

Pilot-Escape Tests 

When a dummy pilot was released from the top of the canopy into 
the free stream during a tumble, it was observed to clear all part3 of 
the model in each of several attempts by a large margin. From these 
results, it appears that the pilot will not be struck by the airplane if 
it becomes necessary that he leave during a tumble. However, the 
accelerations acting on the pilot indicate that the pilot may experience 
difficulty in climbing out of the cockpit and may require aid from an 
ejection-eat arrangement. 
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0. 
. . 

:. . Based on results of longitudinal trim and tumble tests of a 
. .: 

0.057-stale model of the Chance Vought xF7'U-1 airplane, the following 
': conclusions regarding the trim and tumble characteristics of the 

airplane:,have been drawn: 

1. The airplane will not trim at any unusual or uncontrolled 
angles of attack. 

2. The airplane will not tumble with the center of gravity 
lo(cated forward of 24 percent of the mean aerodynamic chord. When the 
center of gravity is located at 24 percent of the mean aerodynamic chord 
and slats are extended and elevators ere deflected full up, the airplane 
may tumble if given an external positive pitch- moment. 

3. The tumbling motion obtained will be readily terminated by 
deflecting the elevators f&l down 30 as to oppose the rotation. 

4. The accelerations encountered during an established tumble may 
be 'dangerous to the pilot and, therefore, action should be taken to 
terminate a.tvrmble immediately upon its inception. 

5. Stiult,aneous *opening of two wing-tip parachutes havi~ diameters 
of 4 feet orlarger and having drag coefficients of approximately 0.7 
will effectively terminate the tumble. 

6. Model results, indicate that the pilot will not be struck by the 
airplane if it becomes necessary to leave the afrplsne during a tumble. 
The pilot may require aid from an ejection-seat arrangement. 

Dangley Memorid Aeronautical Laboratory J 
National Advisom' Ccmmittee for Aeronautics . - 

Langley Field, Va. 
6QUd~ 

' Robert L. Bryant 
Aeronautical Research Scientist 

Approve& 4. $&& 

Thomas A. Hasrie 
Chief of Stability Research Diviaion . 

MCF 
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TABLE I.- DIMENSIONAL CHARACTER&TICS 

CHANCEVOUGHTXF'i 'U-lAmPLANE 

OF THF 

Length, over all, ft ....... i ............... 36.44 

wing: 
Span.ft 
Area, sq ft ..................................................... 

38.67 

Aspect ratio 
496 

. i 
Root chord, in. ....... .' 

..... 
: 

.......... ............................. 3.01 

Tipchord.in 
192 

....... ; .................. 
Mean aerodynamic chord, in. 

116 

L.E. H rearward L.E. root choid; in: 
........................ . . 157 

Taper ratio. ............. .'. 
Incidence (consta.nt), deg 

......... : . 

Dihedral,deg 
................... 

................ i .......... 0 
Sweepback of quarter-chord line. deg ................ 
Airfoil section. .............. 

35 

m 4-bob-(12)-4~1) (1.0) 

Ailavator: 
Span, percent b/2 47.2 

,Locati&$of inbo&i &d,&ib' : : : : : : : : : '1 : : : : : : .491 

Locatfo$of outboard end 2y/b . . .. .. . . . . . .. .. . . . 
Total area;":sq ft 

.963 

....................... 
+a rearward of hinge line, sq ft 

54.4 

............... 
Chord, percent c: 

53,.0 

Inboard station ....................... 
Outboard station 

22.4 
................... ; .. 29.2 

Vertical tail: 
Height;ft . . 
Total area, sq ft ............................................... 

9.24 

122.4 
Rudder area, sq ft 
Aspect ratio ... ...... 

........................... ...... 
'1 : : : : : 

... 32.0 
.. .' 

Location of vertical tail; 2y/b 
1.31 

. . .. . . 
Sweepback quarter-chord line,,deg 

.65 

............. 
Airfoil section 45 

.................... &A'sie&al 

Speed brakes (split type): 
Span,'percent b/2 ............ ; .......... 23.8 

Slat0: 
Span, percent b/2 .... i . . ................ 54.4 

-q@zig7 
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- 

No. 

- 

1 

2 

3 

4 
-. 

5 

6 
- 

7 

TABLE II.- CONDITIONS TESTED IN THE INKESTIGRI'ION OF TRIM AND 

TUMEZING CXARACTERISTICS OF TEE 0.057-SCAIJ3 MODELOF TEIE 

CHANCE VOUGHT XE"IcT--1AlRl'LANE 

Longitudinal trim tests 

None 

Speed brakes open 

Speed W&es open, 
-slats extended - 

Slats extended :; 
i i ~&-------L, m---w----, 

‘,i: 

Speed brkikes open, 
elats e&.bded 

p%r 
Non$ 

4 

a 
-- 

9 

None 

‘------l-do----------- 

::! 
12 -.-------&o ----------- 
131 None 

15 I Slats extended, one 
pexachute installed 

16.3 ’ 

16.3 

16.3 

16.3 

26.3 

26.3 

26.3 
_.___ _i__ 

Tumble tests 

16.7 , 
24.0 

24.0 

24.0 

22.6 _’ 

22.6 

24.0 

24.0 

None 

-------do------L 

-------&O----i--' Iv 

-------&) ------- Iv 

None I v 
-------do -------’ I V 

-------do---;-- l V 

-------do------- l v 
------do------ V 

-------do ------- V 

he each wing tip 
75 percent c VI 

Right wing tip 
75 percent c. VI 
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!cAEmIII.-MAscRARA~sIRcsAND~~PARAMETERs FORVARIOUS IDADINJS PCBSIRLE OI'fTHE 

cRAIvcEvoDGHTm7p-1~ ATiD FOR TEE KWUVGS OF TEE 0.057-6CALE MODEL AS ~I.J?4%8~ 

b elvaluea are preeented ir& te%ilm of full-acele values _ ~~~~~~~~~~::. 1 

AirpltUY3 
Centmf~Q-lty relative Momente of'inertia about 

locldion density' ,,center. of gavity 
(cr) -:" 

Mass parameter6 
weight 

(lb) ;: I 
(Blu&%?) 

- - XF ZF Sea 
level 

15,000 rx 
feet . 

IY Iz Ix - IY Iy Iz _( Iz.- Ix 
:lub2 -2T nlb2 

Normal (combat lo-w3) 14,485 0.163 -0.003 9.86 15.68 13,265 23,646 36,149 -154 x lo4 -186 x ld 340 x lo4 

Moat rearwexa 
center of gravity 7.6 percent B remward 13J505 0239 -.004 -9.19 14.61 18,171 23,gyo 41,405 -92 x lo-4 -278 x lOA 370 x lo4 

of normal) 

Moaelveluee 
I 

mmal 14,517 0.167 -0.004 9.89 15.72 13,250 22,943 35,021 -l& X l+ -179 x ld 323 X lo4 

Center of gravity 
'.7 percent i? red 14,484 .24 -A03 9.87 15.68 13,250 23,8io 35,887 -157 x lOA -180 x lOA 337 x 10-4 

of desired nornlel 

Center of graviw 
1.3 percent F red l4,484 '.226 -.003 9.86 15.68 13,437 ?5,412 37,640 -178 5 10-4 -182 x lo4 360 x 10-4 

of deeired‘normal 
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Elevator 
eetting 

be) 

30 

-2c 

-1.8 - 
-15 

-10 

-2 

0 

2 

10 

15 

20 

: '30 

I 
I 
I 
T 

1 
! 

f 

t 

E 
C 
I.. 
L 
I- 

!!amz Iv.-RbWLTs CF ILncrmnuL mm Tz!L!3!Is CF mE o.g7- WnxL 

CF!!!mczEmCEV~~~ 

[CeIltBWf*.3tity lOCat1~ atl LIldlOatS~j *IstE snd -Od brabm m UdlCdd; 
a~nani~ ~FOB~UI-IB p = 2.6 1x1~ par EJ~ f%] 

-- .- . . - - _ -_ 

22 1 slata j ;Ezg; 1 g&z 1 R m  

-.~lo.~ .~ , .~b~~ted~ j- A I 

16.3 Oeclllataa betwal ll 

~~~ 1~ I I I and25 
--&cl-- ---do ---- 16.3 1 oecruataa be- 16 

and22 

-ll.+- --- &h-e 16.3 15 Oeclllatall q ll@lt~ __ ~ -~~~__ 
--do- --&s __-_ 16.3 13 Oaclllatd slif#ltly 

-do-- --&J ---- 12 16.3 

-b- 1 --bo -_-- .I 16.3' 16 1 \ 

--&n-- --&J --_- 16.3 2 
.. --do ---_ 16.3 4 ‘, 

16.3 -xl 

-&,- --*o ---- 16.3 -13 .1 ‘, 
--do- I : --ap ---_ I 16.3 0mdlla~ betnat 42 

: ,:, :. and -18 

$!& $g.:( open i‘. ,: .---do ---- 16.3 osclllataa -27 beti 2 

'Lti-l ‘;I 16.3 2 

--&l ---- 16.3 osclllatea b&lmeIl~ 
and-26 

-&I+- 
I 

w 
I 

16.3' Oecl.lla~ bstvsen 14 ml26 
-&,- ---do ---- 16.3 -1 

--do-- --& --_- 16.3 0aclll.a~ betxwn -8 
and-a 

ClOma --&I3 -_-- 16.3 21 

--do- I ---do --_- 16.1 t-3 

--uo-: __jemm ;--d”---- 1 ~~~~ 16.3 -15 
-b- --- &i--m ( 26.3 
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!cABm v.- !l?IM3IJXG CHARACTERISTICS OF l!EEZ 0.057-SCAT.Z MODEL OF 

THE CRARCE vouxi?l! m-p-1 AlRpLAHE 
:...i 

. . . : . . . . 
. . . 

‘.: . . 

~OlltO-f-Vi* lOCatiOn as indiCat4dj tIEIll airsp44d W44 
I.68 ft JJ4.T SSCj flill SCalO] 

1 Behavior of model 

Method of 
lalmchlng Stick 

fnll 
forward 

~7 Clean 
Positive initial, 

rotation cantor of gravity 
16.7 portent Z 

D D C, E 

D E 

E B 

C C 

C 

E 

C 

F I 
--------do--y---- 

I 
I 

_------- ao-&L& 
‘pJ : ,  

, I ,  ‘, 
,* , .  

‘i,.;L 

‘~ b-----T 

v-m----- &#-- - - - - 

. ZIII B 

A, F I c, E C 

I Released frau no44 
----- do- - - - -- - horizontdl, StiU- 

.- 14t4dr4covery 
franwhip stall 

I ----&------- I Slats ertdnded 
I 

Positive inlt14l 
rotation 

I 
~~~ ------- I R4gative Zrlltsal _--_-- do- - - _ - - - rotation D c 

YlII-bo ------- 1 R%y$gF 

IReisaaed &4l nos4 

C 
I - 

------I&------ 

t -‘I 
.:D 

I I ---- :-&k,-e-v- I I horlrontdl, aimu- ------ ,&J- - - - - _ - 
latod r4oov4rY 

Center of gravity 
2b p4rcont 5 

sp44d brsk48' 
open ". 

form whip.dall 

PositiY4 lnlti4l 
rotation C FI - 

,c ] - I --------do------- I m---- &J- - - _ - - - I R4gEltlve ln1tiol 
rotation cantor of gravity I slat4 4xtond4d 

I 
Posltlvs init 

22.6 pmont F rotation Z-j-G r-1 ----mm-- &J- - - - - - - I Cl4an I _------- do- - - - -- - - 

?a.7 to b4haTlor of model: 

A -Cc&inusdtot~l4. 
B -Stopped tumbling, dived with undeq4d oecillationa in pitch. 
C -stopped tumbling, dlvod with dqped oaaillationa in pitch. 
D - Stopp4d tumbliog, divsd wl+h no oaclllation4 in pitch. 
E-stopp4dtwllbling,w4llt into a spin. 
F -Stopped tumbling, diT4d tith,osc5llatlone in rollJ pitch, and law. 
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TABLEVI.- FCE'FEC~SOF RECCmERPFROMESTARLISHED TUMBLES 

OF THE 0.0~7-sCAXE MODEL OF TEE CHAKE VOUGBT xF7[T-1- I 

c 

$enter of gravity located 24 percent c -; elevato3y deflected full up; data extended; 
sped brake8 Oi08ea; towline attached to wixig,tip,, 75 percent c; tunnel airspeed 
168.feet 'per fmona, full scale; drag coefficient of parachutes approximately 0.68; 
model launched with positive initial pitching rotation; recovery attftmpted by 
opening parachute8 as indicated] 

1 

Diameter of j Tarline len&W 

I / , 
I 

8.3 .25 

4.4 13.6 
V-b I 

a.3 25 

4.4 13.6 l 

Recovery 
attempted 

w 

qpening +JWO Para;- 
; chutee, one 

dtached to 
each wing tip 

-------&J --------- 

Op&ng psrachute 
attached to 

.right wing tip 

-------do --------- 

Turn13 for recuverg 
after parachutes 

opened 

11 
32 

$1 - 

Remarks 

After recovery from tumble, model 
dived with no oscillations 

Sometimes parachutes would collapse 
in wing wake and. reopen or 

-become entangled with tip fairings; 
sametimes model would go into a 
spin after recovery 

After recovery from tumble,~model 
went into a spin 

After recovery from tUmble, model 
went into a spin 
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TAEsLEVII.-AC- ONS IR A TUMBIJJ OF Ati-iiI57-6W MbDEL OF IllIE CHANCE VOUGET XFF-1 AlRpLANE 

[Center-of-gravity located at 24 percqnt of the nman aerodynamic chord ; slate exter$ed; positive pitching rotation; 
rate of descent approxbnat$y 200 fpe; pilot's head located at r = 13.4 ft fram the center of gravity; 
allvaluee are approximateJ 

/ -, I-.. 

4.2 -1.6 -7.5 
. j.033 .oss :A ;:;I i;o 6 -2.0 a*: $2 . 

.163 62 4.3 .228 78 2:; -1.2 -2.4 -6:1 ! 2:: 

293 5.7 -1.5 -2.6 -5.3 ! 
:tg 

1% 
2:; -1.6 -1.8 -2.6 -2.5 -4.7 -3.6 

;:; 
118 

A88 128 ., 3.5 -1.8 -2.5 2-i ; ::: 
.553 139 3.0 -2;0 -2.5 3.6 
.618 1 148 2.4. -2.0 4.5 

/ 
-1:9 

3.0 
A83 

( 1 
156 1.7 -2.1 -2.4 -1.2 2.7 2: 164 172 1.2 .8 -2.0 .8 -2.2 .6 -20 8 '1 1.1 2.4 

$2; -175 177 1.9 .8 2.0 .8 1.8 .4 -1.2 4.0 2.1 2.1 .a08 -167 2.1 .6 ;i -2.2 2.2 
..073 -158 2.2 .7 -2.3 2.3 
..138 -148 2.6 1.3 4.8 ..203 -138 5.4 1.9' 
..268 -126 1% 2.5 : 

1:s 9 2*; 
. 

52:: 
..333 -ILL2 .9 -11.1 11:1 
3:; 2; u*7 

;:; 
-13.9 13.8 

L.528 ;:: 

2.1 :; 

-1.8 .O ;:: 
1.593 

2; 
8.4 + -1.3 -3.0 I 

;:i 
-7:6 8.5 

1.658 -29 Q.2 7*9 
L.723 -14 

;:; -. -2 
-2.0 I -7.6 7.9 I 

- 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
7 Values obtained frcm figure 0. 

lCentripetal acceler- 
Lpangential acpeler- Cqonent of Component of 

ation am to acceleration acceleration Total result+ 
lime, t Angle of attack a ation due to rota- augular acceler- directed normal to ant accelera- 
(aed (dee) tion about the c'enter ation about the through long long axi8 of tion of'the 

of gravity ac 
(e unitd 

Center of @'xvi@ aA axis of pilot a* pilot a" pilot's head a 
(I3 unite) (I3 unit4 (I3 units) k titf.4 

i 

g I 
F 
iii 
2 . 
co 
& 
s 



I. 
g.44: . 

l oo4 

4O.4 
: 

g..,: 
4 

44 
4 : 4 

44 4 

4. . 
l .: 2 4 

NACA RM No. SL8F14 

6.f 8 "_ 

Quor ie r chord 

t--.L3./6 t!+ 1 _ __ 

Figure l.- Three-view drawing of the 0.057-scale model of the Chance Vought 
XF7U-1 airplane as tested in the free-spinning tunnel (centerof-gravity 
location shown is for normal loading). 
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Figure 2.- A 0.057-scale model of the Chance Vought XF?U-1 airplane as tested in the Langley 20-foot _. 
free-spinning tunnel in the clean configuration. 
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Figure 3. - A  0.057-s&e model of the Chance Vought XF7Q-1 airplane as tested in the Langley B&foot 
free-spinning tunnel with slats extended. 
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Figure 4.- A O-057-scale model of the Chance Vought’XF’ITJ-1 airplane as tested in the Langley 20-foot 
free-spinning tunnel witi, Speed brakes .open. 

. 

:i 

. ; w 



SiRlNCS RUN INTO CONTROL 

‘1. 0 
. 0.0 ‘I’. 00 0.0 

0 
. 

A. . . 
: : : : l : 

**a l e 00 

I 
DIRECTION 
OF WfND 

L RIG SUPPORT 

Figure 5.- Sketch show&g the 0.057~scale model of the Chance Vought XF7U-1 airplane mounted on the trim  
test rig in the 20-foot free-spinning tunnel. Model shown in the clean condition. 
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Figure 6.- Sketch showing m odel m ounted on the strain-gage balance in the Langley 2%foot free- 
spinning tunnel. 
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Figure 7.- Path of motion of the Chance Vought XF’IU-1 airplane obtained 
from model data during a tunable. 
aerodynamic chord. Slats 

Center of gravity 24 percent mean 
extended; elevators full up. 
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Figure 8.0 Graphical determination of components of acc&leration of pilot’s head, which is located at 
y (= 13.4) feet from the center of gravity, during a tumble of the 0.057~scale model of the Chance 
Vought XFRJ-1 airplane. 



..O l oo 
0 0 

: 
0 

b(I 
: . : 

..‘. -’ i 

. 
.:r. 00 

. 
. . . me 00 

I lxbL& I uTFm I\1  1 , 

. $- dI9 

i..t 

8  dl I I 

:6 
d  b  

0  /O 20 30 $0 50 60 70 80 90 ./ 0 71 f2 73 74 

Figure 9.- Aerodynamic characteristics of -the 0.057~scale model of the Chance Vought XF7U-1 airplane. 
Elevator deflection as indicated. Center of gravity lotiated 16.3 percent mean aerodgnamic chord; clean 
condition; $ = 00. 
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Mgure lO.- Aerodynamic characteristics of the 0.057-scale model of the Chance Vought XF7IJ-1 airplane. 
Elevator deflection, -300; slats as indicated; center of gravity located 22.6 percent mean aerodynamic 
chord; q = O”. 
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Figure 11.9 Pitching-m oment characteristics for an 0.057~scale m odel of the Chance Vo ht XF’N-1 airplane. 
Center-of-gravity location and configuration as indicated; 6e = -300; q = 3 . 
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Figure 12.0 Comptiison of pitching-moment data for three scale models of the Chance Vought XF7U-1 
airplane. Reynolds number as indicated; center of gravity located 20 percent F ; clean condition; I 
6e = 00. 
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Figure 13.- Comparison of pitching-moment characteristics of the 0.057~scale 
model with an 0.145-scale model of the Chance Vought XF’TU-1 airplane. 
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Figure 14. - Tumble of the 0.057 scale model of the ,XF7U-1 airplane. Center of gravity located at 24 percent 
of the mean,aerodynamic chord; slats extended: elevators deflected full up; launched with positive pitching 
rotation. ., 1.. ‘-I-~ij-g; ,F’ 
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